Abstract: Halogen derivatives of selected 3-benzofurancarboxylic acids were prepared using 6-acetyl-5-hydroxy-2-methyl-3-benzofuranocarboxylic acid as starting material.
Introduction
It is well known that many of heterocyclic compounds containing oxygen display important biological properties such as antiarrhytmic, spasmolitic, antiviral, anticancer, antifungal and antiinflammatory activity [1] [2] [3] [4] [5] [6] [7] . This group of compounds includes the furobenzopyranone, benzofuran, Amiodarone is used clinically as an antiarrhytmic agent causing alternations in calcium homeostasis, and cell death in yeasts and it also possesses antifungal activity [1, [8] [9] [10] [11] . Benziodarone is a vasodilator [12] , and benzbromarone is effective in lowering uric acid levels, as well as reducing the number of acute gout attacks in patients for whom other treatments are ineffective [13, 14] . Although the last two compounds were withdrawn from the market because of their serious side effects, amiodarone is still used. Due to the interesting biological activity of these compounds, it seemed worthwhile to search for new compounds with similar structures in order to identify potentially less toxic compounds, much safer for health and the environment. Other examples of compounds with related structures showing biological activity ( Figure 2 ) can be found in the literature. Compound 1, for example, shows high affinity for adrenergic receptors and possesses antidepressive activity [16] . Derivative 2 inhibits absorption of biogenic amines [15] and 3 decreases blood pressure [17] . For many years we have been involved in research in the field of synthesis of new biologically active benzofurans. A large number of compounds synthesized by our team contain halogens in their structure and some of them have shown biological activity [19] [20] [21] , e.g. compounds 4 and 5 ( Figure 3) . These two compounds showed significant cytotoxic activity against human cancer cell lines. Additionally, derivative 5 demonstrated antifungal activity. Some 1-(3-amino-2-hydroxypropyl) derivatives of 4,5,6-tribromo-2,3-dihydro-2,2-dimethyl-7-benzofuranol ( Figure 4 ) are effective against Gram-positive bacteria and fungi [20, 21] . Our research shows that brominated compounds display lower cytotoxity than the corresponding precursor compounds before bromination. [20, 21] . 
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Compound 7 ( Figure 5 ) and its analogues are the topic of a patent application [22] . Compounds of this invention exhibit synergistic antifungal activity in combination with the antifungal compound amiodarone. They are further useful as antifungal agents for the prevention and/or treatment of fungal infections in plants. In light of this information we have decided to continue our research, and thus design and synthesize some new compounds that might show antimicrobial activity (Scheme 1). 
Results and Discussion

Chemistry
The chosen starting material was 6-acetyl-5-hydroxy-2-methyl-1-benzofuran-3-carboxylic acid. Compounds I [18, 19] and II were obtained by mono-or dimethylation of the starting material with dimethyl sulphate, respectively. Next, the corresponding bromo and/or chloro derivatives were synthesized. As a result, the benzofuran ring of compound I was substituted on C4 and the acetyl group by halogen and we thus obtained methyl 4-bromo-6-(dibromoacetyl)-5-hydroxy-2-methyl-1-benzofuran-3-carboxylate (III), methyl 4-chloro-6-(chloroacetyl)-5-hydroxy-2-methyl-1-benzofuran-3-carboxylate (V) and methyl 4-chloro-6-(dichloroacetyl)-5-hydroxy-2-methyl-1-benzofuran-3-carboxylate (VI). In the case of compound II, only acetyl group halogenations were observed (IV, VII).
1 H-NMR spectra were obtained for all of the synthesized structures, and for compound VI an Xray crystal structure was obtained too.
Scheme 1.
Method of preparation of compounds I-VII. it was substituted by chlorine or bromine, too. We obtained similar 1 H-NMR spectra for compounds IV, VII.
NMR spectra
X-Ray structure analysis
In order to confirm the structure of VI, the molecular and crystal structure in the solid state was analyzed by single crystal X-ray diffraction. Suitable crystals could only be obtained only for this derivative. A view of the molecular structure together with the atomic numbering scheme is shown in Figure 6 (the drawings were performed with the Mercury program [23] ). The results indicate that compound VI crystallizes in the monoclinic space group P 2 1 /c with one ordered molecule in the asymmetric unit. Selected bond lengths, bond angles and torsion angles are listed in Table 1 . 
The geometry of the benzofuran ring is comparable to that found in other benzofuran derivatives [19, [24] [25] [26] . Only the C5-C6 bond length in the benzene seems rather longer due to the substituent at C6 indicating a π-electron delocalization within this fragment of the molecule. The benzofuran moiety is essentially planar with a maximum deviation of 0.017(2)Å for C6. The methoxycarbonyl group is planar to within 0.007Å and makes an angle of 18.65 (6) o with plane of the benzofuran system. The C10, O15, Cl1 atoms are almost coplanar with the benzofuran fragment (the appropriate torsion angles are given in Table 1 ) and the C16, O17 and C18 atoms are found to be only marginally out of the plane of the two-ring framework [max. deviation of 0.172(3)Å for O17]. Only halogen atoms, Cl2 and Cl3, are considerably out of the mentioned plane (see Table 1 ). Strong intramolecular hydrogen bonding is present between O15 and O17 atoms (see Figure 6 and Table 2 ). The angle between the best planes of the benzofuran and the C5/O15/H15/O17/C16/C6 moiety is only 4.37 (4) o . Additionally the C11=O12···Cl1-C4 halogen bond [3.018(2)Å] stabilizes the conformation of the molecule.
In the crystal of VI, the packing of the molecules is determined by intermolecular C-H···O hydrogen bonds, Cl···O, C···O interactions and stacking forces. The molecules are linked by C14-H14A···O17 hydrogen bonds forming chains along the a axis, then adjacent chains are connect via C10-H10A···O15 and O1···Cl1 interactions to form layers parallel to the (001) plane (Figure 7 ). Cohesion between sheets results in Cl···O, C···O interactions and stacking forces. The geometric parameters of all intra-and intermolecular interactions are given in Table 2 . 
Antimicrobial activity
All the synthesized 6-acetyl-5-hydroxy-2-methyl-3-benzofuranocarboxylic acid derivatives were tested for antimicrobial activity. The microorganisms used in this study included Gram-positive cocci, Table 3 . na -no activity in disc diffusion test; -denotes lack of a growth inhibition zone; nt -not tested.
Unsubstituted esters I, II showed no microbiological activity. The change of microbiological activity appears when a halogen is introduced into a benzofuran structure. Derivatives in which an acetyl group hydrogen was substituted by one halogen (V, VII) were inactive, in contrast to derivatives in which two acetyl group hydrogens were substituted by halogens (III, IV, VI). These compounds were active against Gram-positive cocci. Additionally, derivatives containing a halogen in the aromatic ring (III, VI) showed antifungal activity (Table 3) .
Experimental
General
Melting points were determined in a capillary in Electrothermal 9100 apparatus and are uncorrected. The proton nuclear magnetic resonance spectra 
Methyl 6-acetyl-5-methoxy-2-methyl-1-benzofuran-3-carboxylate (II
General procedure for synthesis of bromo derivatives of esters I and II
The appropriate ester I or II (0.02 mole) was dissolved in CHCl 3 (20 mL) then a solution of bromine (0.04 mole) in CHCl 3 (10 mL) was added dropwise with stirring for 0.5 h. Stirring was continued for 8 h at room temperature. When the reaction was complete the solvent was evaporated. The residue was purified by column chromatography on silica gel, eluent: chloroform. 
Methyl 4-bromo-6-(dibromoacetyl)-5-hydroxy-2-methyl-1-benzofuran-3-carboxylate (III
Methyl 6-(dibromoacetyl)-5-methoxy-2-methyl-1-benzofuran-3-carboxylate (IV
General procedure for synthesis of chloro derivatives of esters I and II
The appropriate ester I or II (0.02 mole) was dissolved in CHCl 3 (20 mL). Next chlorine , obtained in the reaction of KMnO 4 with concentrated HCl, was passed through the solution. When the reaction was complete the solvent was evaporated. The residue was purified by column chromatography on silica gel, eluents: chloroform and chloroform/methanol 100:0.5. 5-hydroxy-2-methyl-1-benzofuran-3- 
Methyl 4-chloro-6-(chloroacetyl)-
Methyl 6-(chloroacetyl)-5-methoxy-2-methyl-1-benzofuran-3-carboxylate (VII
Crystallography
Crystals of VI suitable for X-ray analysis were grown from acetic acid solution by slow evaporation. All details of the measurements, crystal data and structure refinement are given in Table  4 . The data were collected on an Oxford Diffraction KM4CCD diffractometer [27] at 293 K, using graphite-monochromated MoK α radiation. The unit cell parameters were determined by least-squares treatment of setting angles of highest-intensity reflections chosen from the whole experiment. Intensity data were corrected for the Lorentz and polarization effects [28] . The structure was solved by direct methods by use the SHELXS97 program [29] and refined by the full-matrix least-squares method with the SHELXL97 program [30] . Two reflections were excluded from the reflection file due to their large Antimicrobial activity was examined by the disc-diffusion method and the MIC method under standard conditions using Mueller-Hinton II agar medium (Becton Dickinson) for bacteria or RPMI agar medium (Sigma) with 2% glucose for fungi, according to CLSI guidelines [31, 32] . For the disc diffusion assay sterile filter paper discs (9 mm diameter, Whatman No 3 chromatography paper) were wetted with tested compound solutions (in DMSO) to load 400 μg of a given compound per disc. For MIC determinations concentrations of tested compounds in solid medium ranged from 6.25 to 400 µg/mL. The final inoculum, of all microorganisms were 10 4 CFU mL -1 (colony forming units per mL), except the final inoculum for E. hirae ATCC 10541, which was 10 5 CFU mL -1
. The results were read after 18 h (for bacteria) or 24 h (for fungi) of incubation at 35 °C. The results are summarized in Table 3 .
Conclusions
This study describes the synthesis and preliminary microbiological investigations of some 3-benzofurancarboxylic acid derivatives. Seven derivatives were examined. It was noticed that compounds not possessing halogen in their structure did not show any activity during the experiments, whereas compounds possessing halogens in their structure showed such activity. Halogens were introduced to alkyl substituent as well as to the aromatic ring. Derivatives in which the halogen, without the regard for the kind, was introduced in the aromatic ring, showed better activity, as these compounds displayed both antimicrobial and antifungal activity. Basing on these findings, as well as on results from our earlier investigations, we can confirm that the search for biologically active compounds in the area of halogen derivatives of benzofurans remains an interesting field from the biological point of view.
